Introduction
4-Aryl-1,4-dihydropyridines (1,4-DHPs) have proved to be valuable as drugs for the treatment of cardiovascular disorders [1] , and constitute an important class of calcium channel blockers [2, 3] .
With a 1,4-DHP parent nucleus, decahydroacridine-1,8-diones have been shown to have very high lasing efficiencies [4] and used as photoinitiators [5] . Many acridinediones have been synthesized by the reactions of the aldehydes with 2 equivalent of 1,3-cyclohexanedione and appropriate amines in the presence of different catalysts such n-TiO2 [6] , [MIMPS]3PW12O40 and
[TEAPS]3PW12O40 [7] , nano ZnO [8] , and CAN [9] . Despite the potential utility of these methods published so far, they suffer from different limitations, such as difficulty in catalyst separation, difficulty in handling of catalyst, use of expensive catalysts, organic solvents, and also occurrence of side reactions. Therefore, the discovery of new and inexpensive catalysts for the preparation of 1,4-DHPs is of prime importance. As part of our continuing interest in the development of new synthetic methodologies [10] , we report herein an efficient and convenient procedure for the synthesis of 1,4-DHPs in the presence of Cu(II)-schiff base/SBA-15 catalyst.
These kinds of catalysts are built from mesoporous silica SBA-15 which was covalently anchored with Cu(II) schiff base complex (Scheme 1) [11] . There are few literatures about the application of these kinds of catalysts (silica-supported schiff base cobalt (II) (Co/SBA-15) and copper (II) (Cu/SBA-15) complexes) for synthesis of heterocyclic compounds [12] specially for synthesis of acridines and our method is probably the first example of synthesizing acridines supported schiff base metal complexes as an efficient catalyst in solvent-free media which can be valuable to use or investigate for similar systems.
These reported examples have demonstrated that the new procedure by solid-supported catalysts are generally faster, give higher yields, and typically require easier work-up processes and simpler equipment than the extant methods. The Cu(II)-schiff base complex was prepared using the pertinent literature procedure [11] with the following modification. Activated silica gel SBA-15 (1.5 g) was suspended in a methanol solution of the schiff base complex, and the mixture was stirred at the room temperature for 24 h. The solvent was then removed using a rotary evaporator, and the resulting green solid was dried at 80 °C overnight. The final product was washed with MeOH and deionized water until the washings were colorless to ensure that the noncovalently grafted complex and physically adsorbed metal species were removed. Further drying was carried out in an oven at 80 °C for 8 h. Moreover, in order to measure the amount of copper loaded into SBA-15, the catalyst (0.1 g) was digested with HNO3 by stirring at room temperature for a week. Then the mixture was filtered, and the total amount of copper in SBA-15 in the colorless sample was determined as 0.14 mmol/g by atomic absorption spectroscopy.
General procedure for the synthesis of 9-aryl-3,4,6,7,9,10-hexahydroacridine-1,
A combination of 1a (2 mmol), ammonium acetate (0.23 g, 3 mmol), aryl aldehyde (1 mmol ) and the catalyst (0.005 g, 0.007 mmol), were thoroughly mixed and placed in the autoclave at 112 °C for a certain time (Table 1) . After cooling, the mixture was washed with EtOH (50 mL) and the catalyst was removed by filtration, rinsed twice with MeOH, and then dried at 80 °C for 60 min for subsequent reuse. Analytically, the pure products 2a-h were obtained by evaporation of the solvent and recrystallization from EtOH. The yields and melting points are shown in Table 2 . The products were identified by comparing with the original samples [6, 9] .
General procedure for the synthesis of 3,3,6,6-tetramethyl-9-Aryl-3,4,6,7,9,10-hexahydroacridine-
A combination of 1b (2 mmol), ammonium acetate (0.23 g, 3 mmol), aryl aldehyde (1 mmol ) and the catalyst (0.005 g, 0.007 mmol), were thoroughly mixed and placed in the autoclave at 150 °C for a certain time (Table 2) . After cooling, the mixture was washed with EtOH (50 mL) and the catalyst was removed by filtration, rinsed twice with MeOH, and then dried at 80 °C for 60 min for subsequent reuse. Analytically, the pure products 3a-k were obtained by evaporation of the solvent and recrystallization from EtOH. The yields and melting points are shown in Table 4 . The products were identified by comparison with the original samples [6, 9] . 
Results and discussion
In our continued interest in the development of a highly expedient methodology [10, [13] [14] [15] for the synthesis of fine chemicals and heterocyclic compounds of biological importance, we report here the synthesis of decahydroacridine-1,8-diones, in the presence of Cu(II)-schiff base-SBA-15 as a reusable heterogeneous catalyst (Scheme 2).
We first studied a reaction between 1,3-cyclohexanedione and benzaldehyde and ammonium acetate by screening the reaction conditions (Table 3 ). Inorder to optimize the tempreture, the reaction was carried out in different tempretures (Table 3 , entries 1-3) and we found that the best yield and the higest rate was obtained in 112 °C (Entry 3). In the second step, the reaction was carried out with different amount of the catalyst (Table 3 , entries 4-7) and the best result was obtained in the presence of Cu(II)(SBA-15) (0.005g, 0.007 mmol) at 112 °C. The less amount of the catalyst gave low yield even after a prolonged reaction time, and the more amounts could not cause obvious increase for the yield of the product and could not shorten the reaction time.
Finally, in order to show the role of the catalyst, the similar reactions were also examined in the After optimizing the conditions, we next examined the generality of these conditions to other substrates using several aromatic aldehydes (Scheme 2). The results are summarized in Table 1 . It could be seen that Cu(II)-schiff base-SBA-15 as reusable heterogeneous catalyst catalyzed the condensation of 1,3-cyclohexanedione and a wide range of aromatic aldehydes at 112 °C. As indicated in Table 1 , in all cases the reaction gives the products in good yields and prevents problems which many associate with solvent use such as cost, handling, safety and pollution. Table 3 . Optimization of the reaction condition for synthesis of decahydroacridine-1,8-diones
Scheme 2. Synthesis of decahydroacridine-1,8-diones
To make this method more suitable we examined the reusability of the Cu(II)-schiff base/SBA-15, using 1,3-cyclohexanedione and benzaldehyde, as model substrates. For this aim after completion of the reaction (monitored by TLC), the catalyst was recovered by addition, ethanol and filtration, and dried at 80 °C for 60 min. The catalyst could be reused after washing twice with methanol and drying at 80 °C by vacuum evaporation. It could be seen that no considerable change in activity of Cu(II)-schiff base/SBA-15 was observed even after four consecutive runs ( With optimized reaction conditions in hand, 1,8-dioxo-decahydroacridine derivatives 3a-k were synthesized in excellent yields within a short period of time in the optimized condition (Scheme 2, Table 2 ). Here also the aromatic aldehydes containing both electron-donating and electronwithdrawing groups afforded the products with high yields. The work-up procedure was so simple and including addition of ethanol at the end of the reaction, filtration, and finally recrystallizing the products from ethanol. 
